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How the Program Works 


The design of this program is intentionally 
simple so that both student and teacher can 
easily follow.it. The student chooses the 
problem type that he or she wishes to 
practice from a series of menus, and is then 
given instructions that are specific to those 
problems. As the student answers the 
questions, the computer monitors the 
number of right and wrong answers as well 
as the student’s consistency (how many 
right or wrong in a row). Three correct 
answers in a row, or an overall success rate 
of 80 percent, moves the student on to more 
difficult problems, if possible, or to more of 
the same type problems if he or she has 
achieved the highest difficulty level ina 
specific topic. Similarly, a consistency of 
three wrong answers in a row moves 
students on to a lower or more basic 
problem level for practice. The student 
moves upward and downward in this manner 


until he or she chooses to quit the program, - 


or until he or she succeeds at the highest 
level of the selected problem type. 


Specific questions for any one problem type 
are always chosen randomly from a tist of 
possible compounds or equations. Values 
that are not constants are chosen at random 
from a range that is both reasonable and 
realistic. This combination of several 
possible compounds or equations with 
randomly selected numbers offers a very 
large number of different problems that 
appear in no special order. Therefore, the 
same student or two different students 
should never see the same sequence of 
problems on different program runs. 


This program is intended for drill and 
practice; therefore, there is little of a tutorial 
nature offered. There are occasional hints 
when appropriate, which would be helpful to 
students when answering problems. In 
general, however, when a student is 
consistently unsuccessful, he or she should 
seek the instructor's help before continuing 
the program. 


Scope, Sequence, and Use 


This disk is designed primarily to provide 
chemistry students with drill and practice in 
the area of acid/base systems. It is divided 
into three major sections: 1) solving 
problems dealing with the application of 
acid/base equilibrium systems; 2) solving 
problems dealing with pH and with the 
equilibrium between water and its ion; and 3) 
performing acid/base titrations through the 
use of simulation and then calculating the 
concentration of an unknown base using the 
titration data obtained. 


The menu for the program is as follows: 


1. ACID/BASE EQUILIBRIA 
2. EQUILIBRIUM OF WATER—Kw 
3. TITRATION SIMULATION 


In each of the three sections, students 
should be able to practice problems without 
the need of an instructor’s presence. The 
student should, however, be provided with a 
table of logarithms and a table of 
equilibrium constants for acids, both of 
which are included in this teacher’s manual. 
An electronic calculator would also be 
helpful, though not absolutely necessary. 


Since the major emphasis of these materials 
is to provide drill and practice rather than to 
serve a tutorial function, there are certain 
chemical concepts that a student must first 
be exposed to before he or she can take full 
advantage of the problems offered in this 
software package. 


What follows represents an exploration of 
the problem format as well as some of the 
chemical concepts needed to use this 
program successfully. 


Section A: Acid/Base Equilibria 


There are four types of problems in this 
section, each representing a successively 
higher level of complexity. The student is 
asked to select the level at which he or she 
wants to begin, and is then presented with 
the problems of that type. 


The following menu shows the selections in 
this section that are available to the student: 


1. EQUILIBRIUM EQUATIONS 
2. CALCULATING Ka AND [H+] 
3. CALCULATING Ka AND pH 
4. BUFFERS 


The student’s movement within this section 
is either toward more difficult problem types 
as success increases, or into easier problem 
types as success decreases. It is also 
important to note that success in each 
problem type requires the skills used in the 
preceding levels. 


Level 1: Equilibrium Equations 


In the first part of this section, students are 
asked to recognize the correct Ka or Kg 
expression for a given equation. For 
example, the student might be given the 
following dissociation equation for an acid: 
HNO9—>H+ + NOod-1 


The student will then be shown a completed 
Ka expression and will be asked: Is this the 
correct expression? Yes, No, or Undecided. 


If the student’s response was No, and the 
given expression was not correct, the 
answer is deleted from the list and another 


candidate expression appears. This process 
is repeated until the correct answer 
randomly appears. If the student responds 
incorrectly, he or she will receive an 
appropriate hint and the opportunity to 
return to the problem for a new candidate 
answer. If the student answers Undecided, 
that form will be retained in the random list 
of candidate answers and could be 
represented later. 


If a student correctly answers several basic 
equations, he or she will be given more 
difficult problems. Consistent success with 
difficult problems moves the student to the 
unit submenu, where more difficult problem 
types may be selected. 


In the example presented here, the correct 
answer is: 
[H+] [NOo-1] 

[HNOg] 


The student should know that Ka is simply a 
special symbol for an equilibrium constant. 
It tells the chemist that he or she is dealing 
with an acid equilibrium system. The general 
format for writing any equilibrium constant 
expression from a given equation is as 
follows: wA + xB = yC + zD 


Ka = 


A, B, C, and D represent chemical 
substances, and w, x, y, and z represent 
coefficients. 


Equilibrium Constant Expression: 

[Cl¥ [D]4 
K = fAW [BPX 
Writing Ka and Kp expressions is a special 
application of this more general equilibrium 
constant definition. 


Level 2: Calculating Ka and [H+] 


In the second part of this section, students 
will relate Ka to the hydrogen ion 
concentration. Problems in this part are of 
two types: 1) given the numerical value for 
the Ka, calculate the hydrogen ion 
concentration; and 2) given the hydrogen ion 
concentration, calculate the numerical value © 
of the Ka. Solutions to both of these 
problems require algebraic skills. For 
example: What would be the [H+] of a.1 
molar HF? The Ka for HF is 6.7 x 10-4. 


1. Write the dissociation equation for the 
acid, HF = H + F. 
2. Write the Ka expression for the acid, 
Ke IP 
[HF] 
3. Let the [H+] = x and substitute 


6.7x 10-4 = 


‘4. Solve for x. 


In most cases, the value of x is so small that - 
the x in the denominator of the expression 
above can usually be neglected. If x is large 
relative to the original concentration of the 
acid, it cannot be neglected and the 
quadratic equation formula must be used. 


An example of the other type of problem in 
this part is: The [H +] of a .01 molar solution 
of H9S is 3.2 x 10-5. Find the value of the 
equilibrium constant for the acid (Ka). 


1. Write the dissociation constant 
expression, Ho3S—~>H+ + HS— 


In all problems, the student should 
assume that only one of the available 


hydrogen ions dissociates, and that the 
calculated Ka will be the first 
dissociation equilibrium constant for the 
acid. 


2. Write the Ka expression, 
= [H+}[HS7] 
[H2S} 


3. Substitute, 
= [3.2 x 10-5] [3.2 x 10-5] 
[.01 — (3.2 x 10-5)] 


In this case, as in most cases, the value of 
{H +], which is subtracted in the 
denominator, may be neglected since it is so 
. small. 


In this part, correct answers give students 
an opportunity to move on to more difficult 
questions in the next level. Incorrect 
responses send the student to a level-one 
problem type. Several correct responses to a 
level-one problem type return the student to 
the original question type for more practice. 


Level 3: Calculating Ka and pH 


The third part of this section involves two 
types of problems: 1) given the numerical 
value for the Ka, calculate the pH; and 2) 
given the pH, calculate the numerical value 
for the Ka. 


Solutions to the problems in this part are 
very similar to those of level 2 of this section 
except that, in addition, the concept that 

pH = —Log [H+] must be incorporated. 

For example: If [H+] = 1 x 10-8, 

the pH= —Log [1 x 10-4] or 6. No log table 
is needed when the coefficient in scientific 
notation is a 1. 


For example: If [H+] = 5 x 10-4, then the 
pH= —Log [5x 10-®] = — [(Log 5)—4] =3.3. 


A log table or calculator can be used to find 
the log of 5, which is .7. 


The problems in level 3 are essentially the 
same as those in level 2, except hydrogen 
ion concentration is taken one step further 
and is expressed as pH. When working these 
problems, students will return to level 2 if 
they answer several questions incorrectly. If 
the students are then successful, they return 
to this part to convert [H +] to pH. 


Level 4: Buffers 


The fourth part of this section is the highest 
level of problems, the buffer problems. 
Solving buffer problems involves the same 
algebraic manipulation of the Ka expression 
as before, except that the concentration of 
the buffer ions must also be considered. As 
with previous problem types, concentrations 
and compounds will be chosen randomly 
from a list. If a student incorrectly answers 
this problem type, he or she is offered a 
correct solution by the computer, and 
another problem. Repeated failure returns 
the student to level 3. Repeated success 
with problems of the highest difficulty will 
hold the student at that level until he or she 
chooses Q to quit and returns to the unit 
submenu. For example: What would be the 
[H +] of .1 liters of a .001 molar solution of 
HaCO3 if .1 moles of NaHCOs is introduced? 
The Ka for HgCOz is 4.4 x 10-7. 


— [H+] [HCO37] 
~ ~~ TH9CO3) 


4.4x10-7 = (H +] [.1 liters] 


[1 x 10-3] 
H+] = [4.4 x ae [1 x 10-3] 


When answering items in the buffer section, 
students should ignore the effect of the 
common ion. While in fact the [H +] may 
actually be affected as a result of this 
phenomenon, such effects are 
characteristically small.and make problems 
unnecessarily complex. 


Section B: Equilibrium of Water—Ky 


This section has three levels of difficulty. 
Each level is prerequisite for the next higher 
one. The lowest level includes problems 
asking for the concentrations of hydrogen 
and hydroxyl ions in strong acids and bases. 
The second level asks students to find the 
pH of an acid or a base with concentrations 
that are exact powers of ten. Level three 
offers pH problems where concentrations 
are not exact powers of ten. The essential 
difference between levels two and three is 
the need for log tables; otherwise, these two 
levels are exactly the same. 


The following menu shows the selections in 


this section that are available to the student: 


1. FINDING [H+] AND [OH ~] 

2. FINDING pH (NO LOGARITHMS) 
3. FINDING pH WITH LOGARITHMS 
Level 1: Using the Ky for water 


Level 1 problems are basic and require a 


direct application of the equation: 

Kw = [H+][OH~] = 1x 10-1 

For example: What would be the [OH-'] of a 
.0001 molar solution of HCI? 


HCI is a strong acid that dissociates 
completely. Therefore, the [H +] of a .0001 
molar or 1 x10-4 M. 


Kw = 1x 10-4 = [H+][OH~] 

Kw = 1x 10-% = [1x 10-4] [OH-] 
1x 10-"4 

[OH —-] = Tx 10-4 = 1x 10-10 


Level] 2: Relating pH and [H+] 
(exact powers of 10) 


These problems require the student to 
complete the next step of converting 
hydrogen ion concentrations to pH values. 
Problems using strong bases are slightly 


-more difficult, requiring the intermediate 


step of computing [H +] from [OH — ]. 
Concentrations will be chosen randomly and 
will be limited by reality, but will always be 
exact powers of 10. Several mistakes at this 
level results in a display of the solution and 
a return to level 1 for practice in computing 
[H +]. For example: What is the pH of a1 x 
10-5 molar solution of HgSO4? 


In this case, the pH is 5. 
Level 3: Relating pH and [H+] 
(using log tables) 


When the student chooses this level, he or 
she is presented with the same type of 
problem that was seen in level 2, except that 


concentrations are chosen that will require 
the use of log tables. Several incorrect 
answers at this higher level generates a 
move to level 2 for more practice with an 
easier problem type. For example: What 
would be the pH of 2 x 10-5 molar solution 
of NaOH? 


1x 10-4 = [H+] [2 x 10-5] 
{[H+] = 5x 10-1 
pH = —Log [5 x 10-19] 

= -—[Log5 + (-10)] = 9.3 


In this section, only pH values between 0 
and 14 are considered. While other vaiues 
are theoretically possible, their presence in 
these exercises would only add unnecessary 
confusion for many students with no real 
educational advantage. 


Section C: Titration Simulation 


The last choice of sections is the titration 
simulation. This choice is quite different 
from the two previous sections since it 
involves a simulation of an important 
laboratory technique. The student will be 
allowed to practice nearly all phases of the 
titration technique. Specifically, the student 
will be able to: 


1. choose the concentration of the 
standard or base; 

2. find the end point by simulating the 
operation of the buret; 

3. read the buret; 

4. calculate the molarity. 


The student will be asked if he or she wants 
to choose the concentration of the standard 
HCI which he will use. If the student 
answers Yes, he or she will be given several 
concentrations from which to choose. If the 
student answers No, then the computer will 
choose an appropriate concentration. 


Once the standard concentration is chosen, 
a graphic of a full buret and beaker is 
displayed. The student may add standard 
HCI to the 40 milliliters of unknown NaOH at 
either a full flow rate or by drops. When the 
student indicates that he or she is at an end 
point, the graphic changes to a closeup of 
the buret in the range to be read. The 
student is then asked to read the buret and 
calculate the molarity of the unknown. After 
the student has answered, the machine 
evaluates the result and gives the student a 
“percent error’ with the option of repeating 
the titration, seeing a correct answer, or 
trying a new titration. 


In performing the calculations for the 
titration, students should know that at the 
end point the moles of H+ ions must equal 
the moles of OH — ions. 


moles H+ = normality of acid x 
liters of acid 
moles OH- = normality of base x 
liters of base 


’ The equation—normality of acid x volume of 


acid = normality of base x volume of 
base—may be useful in solving titration 
problems. 


Instructional Modes 


The ways of using the information contained 
on this disk are limited only by the 
imagination of the instructor. While the disk 
is written primarily for the purpose of 
providing drill and practice for students in 
solving a variety of different types of 
problems, there are many educational 
settings in which the disk can be 
successfully used. Some suggested uses 
include: 


Instructors may use the problems on the 
disk as a source of practice in the normal! 
classroom setting. The large character set 
used make it possible for students in the 
class to read the problems easily. Students 
could be asked to work the problems and 
give their answers to the teachers, who 
could then enter the answers into the 
computer. Students would know instantly 
whether they had solved the problem 
correctly. This type of drill and practice 
would be excellent for preparing for and 
reviewing for a unit test. 


A variation of the practice above might be to 
use the computer disk to generate test or 
quiz questions. A virtually unlimited number 
of different problems can be generated by 
the disk. Instructors could generate the quiz 
problems on the computer in class, or could 
have the computer provide problems before 
class begins, which could then be used in 
more traditional quiz or test situations. 


Another possible use of the disk is to make 
it available to students outside the normal 
classroom. If a computer were 


available to students in a facility such as a 
computer center, students could use the 
disk during any available unstructured time 
to get needed drill and practice on problems. 
The more problems a student is able to 
work, the better he or she usually becomes 
at problem solving. The format of questions 
on a computer disk is often more appealing 
to students than is simply working problems 
in a book. In addition, the menu on the disk 
is organized so that the student may select 
the type of problem on which he or she 
needs the most practice. 


Instructors could also use the computer to 
generate random problems for makeup 
testing. Any student who misses a test or 
quiz could be given a set of original 
problems to work. This practice may be 
useful in encouraging academic honesty. 


The titration simulation may be used as 
prelab preparation for an actual titration, or 
may be used as a substitute for this type of 
experiment. In either case, the disk program 
allows the student to perform the essential 
steps involved in a titration and to calculate 
the concentration of an unknown acid or 
base. 


LOGARITHMS 
0 1 


4 


5 


6 


7 


8 


9 


q) 


 S 


0 


1 


3 


5 


7 


8 


11 


RELATIVE STRENGTHS OF ACIDS IN AQUEOUS 
SOLUTION AT ROOM TEMPERATURE 


All ions are aquated 
HB == H*(aq) + B-(aq) 


ACID 
perchloric acid 
hydroiodic acid 
hydrobromic acid 
hydrochloric acid 
nitric acid 
sulfuric acid 
hydrated hydrogen ion 
oxalic acid 
sulfurous acid (SO2 + H20) 
hydrogen sulfate ion 
phosphoric acid 
ferric ion 
hydrogen telluride 
hydrofluoric acid 
nitrous acid 
hydrogen selenide 
chromic ion 
benzoic acid 
hydrogen oxalate ion 
acetic acid 
aluminum ion 
carbonic acid (CO2 + H20) 
hydrogen sulfide 
dihydrogen phosphate ion 
hydrogen sulfite ion 
ammonium ion 
hydrogen carbonate ion 
hydrogen telluride ion 
hydrogen peroxide 


monohydrogen phosphate ion 


hydrogen sulfide ion 
water 

hydroxide ion 
ammonia 


[H*] [Bo] 
[HB] 


REACTION 
HClIO4 —> Ht + ClOg- 
Hl —~> Ht + I- 
HBr —> H* + Br- ‘ 
HCl —~> Ht + Cl- 
HNO3 — H* + NO37 
H2SO4 — Ht + HSO,- 
H30* —> Ht + H20 
HOOCCOOH ——> Ht + HOOCCOO- 
H2SO3 —~> H+ + HSO3- 
~ HSO4.- —> H+ + SO42- 
H3PO4 —~> Ht + H2PO,- 
Fe(H20)63+ —~> H* + Fe(H20)s(OH)?+ 
H2le —~> H* + HTe- 
HF ——> Ht + F- 
HNO2z —> H* + NOs 
H2Se —> H* + HSe- 
Cr(H2O0)63+ ——> H+ + Cr(H20)s(OH)2+ 
CeHsCOOH ——> H* + CeHsCOO- 
HOOCCOO- —> Ht + OOCCOO2- 
CH3sCOOH —> Ht + CH3sCOO- 
Al(H20)62+ —> H+ + Al(H20)s(OH)2+ 
H2CO3 —> H* + HCO3- 
H2S —> Ht + HS- 
H2PO4- —> H* + HPQ,?- 
HSO3- — H* + SOz2- 
NH4t ——> H+ + NHs3 
HCO3s- — Ht + CO32- 
HTe~ —~> H+ + Te?- 
H202 —> Ht + HO2- 
HPO42- ——> Ht + PO43- 
HS- —> Ht + S2- 
H20 —=> Ht + OH- 
OH- —> Ht + O2- 
NH3 ——> H* + NH2- 


Ka 
very large 
very large 
very large 
very large 
very large 
large 
1.0 
5.4 x 1072 
1.7 x 10-2 
1.3 x 10-2 
7.1 x 10-3 
6 x 10-3 
2.3 x 1073 
6.7 x 10-4 
5.1 x 1074 
1.7 x 10-4 

10-4 
6.6 x 10-5 
5.4 x 10-5 
1.8 x 1075 

10-5 
4.4 x 10-7 
1.0 x 1077 
6.3 x 1078 
6.2 x 10-8 
5.7 x 10-10 
4.7 x 10-11 

10-11 
2.4 x 10-12 
4.4 x 10713 
1.3 x 10713 


1.8 x 10-16 


< 10-%6 
very small 


*Kw = Ka(55.5) = 1 x 10714 
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